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TERISTICS OF A 1 ~ ~ W E ~ C K  NACA AIRFOIL SECTION 

B y  3-8 L. Smm=rs and Donald J. Graham 

SUMMARY 

The resul ts  of a aind-tunnel investigation of the effects of 
variation of trailing-edge  asgle and leadbg-edge  radius on the aer- 
W i c  characteristics of a lWprcent+hord-thick airfoil section  at  
Mach nunibers from 0.3 to 0.9 are  presented. The corresponding Reynolds 
number range of the  investigation is f r o m  approximately 1,000,OOO t o  
2,000,000. 

The variation of section l i f t  coefficient  with Mach m&er a t  low 
and moderate angles of  attack i s  indicated t o  be l i t t l e   a f fec ted  by 
trailing+dge+ngle  variation  within the limits of l@ and 60 and by 
leading-edge+cadius variation  within the limfts of 1.10 and 0.27 percent 
of the  a i r foi l  chord. The mimum section l i f t  coefficient at Mach 
nuuibers  above 0.7 i s  increased  significantly by decreases in either  the 
trailing-dge  angle or the  leding-edge  radius. The section  lif?bxrrve 
slope i s  almost uniformly increased at Mach nmibers below that c o r r e  
sponding t o  the bre-e- .+ lift (approximately 0.8 Mach  nurdber) by reduc- 
tions  in  these t w o  pasameters. 

The Mach  number of drag divergence is adversely  affected at low 
section l i f t  coefficients by reductions  in  the  trailing-dge  angle and 
the leading-age radius;  the  trailing-edge angle exerts  considerably 
the  greater  effect. The variation of section drag coefficient  with 
section l i f t  coefficient is generally more favorable a t  Mach nunibers 
above 0.6 for the profiles w i t h  the smaller  trailing-edge  angles. 

Section moment coefficients  are  not  significantly  affected by 
variation of either  the  trailing-edge  angle o r  the leading-edge  radius 
within  the limits of the  present  investigation. 

INTRODUCTION 

A great amount of interest  has been  displayed  recently i n  the 
influence of two parameters of a i r f o e  geometry, the  trailing-edge angle 
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and the leading-dge radius, on th,e v&iation.af the aerodynamic char- 
ac te r i s t ics  of airfoil   sections with Mach rider. B. G U t h e r t ,  in 
reference 1, demonstrated a significant  effect  of trailing-edge-angle 
variation on the lift characteristics of two airfoil   sections at high 
subsmic Mach numbers. Gijthert a l s o  shoved an appreciable  effect of 
leading-edgeqadius  variation on the drag characteristics of an a i r f o i l  
section a t  supercritical Mach numbers. Various  other  experimental 
investigations have also indicated the influence of the trailing-edge 
angle, particularly w i t h  respect t o  the variation  with Mach n&er of 
the effectiveness af a t ra i~ng-edge  control  surface (reference 2 ) .  
These latter cases, however, constitute more or  less  isolated obser- 
vations of a phenomenon, no correlation  being  poselble because the trail- 
w a g e  angle w a s  not the  sole variable. Gb'thert*s work represents the 
only  available  study of the  effects of systematic, i f  not altogether 
rational,  variations of the two shape paiametere. 1% i s  of aomewhat 
limited d u e ,  however; fn that o n l y '  two basic airfoil Elections were 
investigated, me of which, the NllCA 23015, is generally considered 
unsuitable for  most high Mach  nuztiber applicatio6i. . . 

- 

To amplify the information on the subject,  a program of a i r f o i l  
tests has been undertaken in the Ames 1- by 3-1/2-foot high-speed wind 
tunnel  with the objective of determinfng for several  thickness-chord 
ra t ios  the separate  effects of systematic  .changes in the trailing+xige 
angle and the leading-edge radius on the a e r o m i c  characteristics 
of an a i r f o i l  section at high  subsonic Mach nmbers. The base profile 
i s  of the  modified mcLCA Ic-digit seriee (see reference 3)  with the 
maximum thiclmese at the 4.0-rcenkhord station. The thicknesti  
chord ra t ios  range from 4 t o  10 percent. The present  report presents 
the  results of the tests for the thickness"chord r a t i o  of 10 percent. 

NOTATION 
1 

C d  section drag coefficient 

chi, minimum section  drag  coefficient 

cz section lift coefficient 

czm€fx 
"%/4 

maximum section lift coefficient 

section pitching-moment coefficient about the quarter-chord 
point . .  

M Mach  number 

4 

R Reynolds n&er 

V free+tream  velocity, f ee t  per second . 
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A 
80 section  Lift-curve slope at zero W t  coefficient,  per degree 

C airfoil chord, feet 

V local velocity,  feet per second 

" 

AVa incremnt in local  velocity corresponding t o  additional  type of 
load  distribution,  feet per second 

X distance d o n g  chord, fractions of chord 

Y distance  perpendicular t o  chord, fractions of chord 

a0 section angle of attack,  degrees 

DESCRI€'TIOH OF AIRFOILS 

The airfoil sections  presently  investigated  are  listed  in the 
following table : 

. 

The airfoil nu&ering s y ~ t e m  is the same as that employed 1 b y  G'dthert 
i n  reference 1. Th-fi&t group of four digits fn the- above nmibering 
system has the same sLgnificance as the  designation  given in  reference 
4: The first digit  indicates  the c a e r  in percent of the chord; the 
second, the  position of  the camber in tenths of the chord from the 
leading edge; and the l a s t  two, the maximum thickness in percent of 
the chord. The decimal number following the dash is  the leadingedge- 
radius index; the leadingedge radius as a fraction of the airfoil  
chord is given by the product of the radius index and the square of 
the thiclmess-chord ratio. The radius index of 1.10 is  normal for the 
commonly used NACA k-digit-series airfoil sections. The two dig i t s  
immediately preceding the virgule  represent  the  position of maximum 
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t h i chess  in percent of the chord from the leading edge. The last 
decimal number is the t r a i l w d g e - a n g l e  index, the angle being . 
twice  the a r c  tangent of the  product of the angle index and the 
thicknesa-chord ratio.  The t.raillng+dge+mgle ikdex of 1.575 i s  
considered n o m  for  the NACA Ibdigit-series  airfoil  sections  with 
maximum thiclcness at 40 percent.of  the chord. (See reference 3.)  

The airfoil-thickness forms are defined by t w o  equations  (given in  
reference 3 and reproduced  below) The o r d b t e s  from the  leading edge 
t o  the  position of maximum thickness  me given by the  equation 

y = e + alx c a& + %xg 

The ordinates from the position of maximum thickness t o  the t ra i l -  
ing edge are given by the equation 

. .  

The coeffictents of the  equations  are determined as described in refer- 
ence 3. The coef f ic ien t  i s  equal t o  the square r o o t  of twice  the 
leading-edge radius and the coefficient dl is  equal. t o  the  tangent of 
0n-f of the trailing-edge m e .  B y  IW~TLB of the tvo equatirms  the 
leading-edge radius asd the trailing-edge angle can be specified inde- 
pendently. The nature of these  equations i s  such’ that changes In the 
trailing-edge angle also result  fn m i n o r  alterations of ths  afrfoil- 
thiclmess  distribution forward of the maximum-thicknesa positian. 

The coordinates of the airfoil sections  tested  are given fn 
tables I t o  IX. The a i r f o i l  profiles and theoretical  pressure  distribu- 
tions are  i l lustrated in figure 1. 

3 

APPARATUS AllD TESTS , 

 he tes ta  were made in the Ames 1- by 3-1/2-foot hlgh-tspeed wind 
tunnel, a low-turbulence two-dimensional-flow wind tunnel. 

The a i r fo i l  models were of &Inch chord and were constructed of 
aluminm a l l o y .  The models entirely spanned the short dFmsnsion of the 
wind-tunnel t e s t  aection. Two-dimeneional flow was preaerved through 
the use of contoured sponge+ubber gaskets compressed  between the model 
ends and the  tunnel w a l l s  ( t o  prevent end leakage). 

Measurements of lift, drag, and q-er-chord pitching moment were 
mde at Mach numbers *om 0.3 t o  asohigh 8 s  0.9 for each of the models 
at angles of attack increasing by 1 o r  2 increments from - 2 O  t o  12’. 
This range of angles of attack was sufficient t o  encompass the lift 
stall a t  all but the highest Mach numbere. The Reynolds-number varia- 
t ion w i t h  Mach nuniber f o r  the  tes ts  i s  U u s t r a t e d  in figure 2. 
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L i f t  and pitch- moments were evaluated by a method sim-llar t o  
that described in reference 5 from integrations. of the  pressure 
reactions on the tunnel w a l l s  of the  forces on the  airfoils.  D r a g  
values were determined from wake-smey measurements uti l izing a rake 
of total-head tubes. 

The several sources of error  affecting  the  results  presented 
herein  are  fisted below with e s t a t e s  of their. magnitudes. In no 
cases  are the inaccuracies  sufficiently large t o  affect  the  signifi- 
cance of the  results. 

Previous comparisons of drag coefficients nrsasured in the Ames 1- 
by 3-1/2-foot high-speed wind tunuel  with v d w s  more accurately 
established from t e s t s  in  other faci l i t ies   indicate  a maximum error 
of the  order of 5 percent in the determination of the drag coefficient. 
The instrument used t o  masure lift and pitching  mmnt is inaccurate 
for wmR.17 values of force and mommt by virtue of large fnstrumsnt 
tares.  It is diff icul t  to assess the magnitude of error in masurement 
from t h i s  source  because it is n o t  l ike ly  t o  be consistent. 

The angle of attack is  eatablished bg reference to a pair of 
selected points on the  surface of the pro f i l e  by 1118811s of an adjustable 
template. Errors  inherent  in  airfoil  fabrication and in the initial 
s e t t b g  of t h i s  template t o  the reference poin ts  can cause a maximum 
error of O.lo in the angle of attack. In addition, the instrument 
employed to measure the angular eetting can be read only t o  be the 
nearest O..lo; the  possibility of an additional  error in angle of attack 
of 0.05O exfsts  fromthis cause. 

RESISLTS W DISCUSSION 

Section lift, drag, and quartewhord pitching-mnt  coefficients are 
presented as functions of Mach  nuniber a t  constant angles of attack in 
figures 3, 4, and 5, respectively. The angles of attack  indicated in 
the figures repregent n o w  values only, being subject t o  the  experi- 
mn ta l  errors discussed in the  preceding  section. The failure t o  
realize  zero lift a t  zero  incidence for all of the proffles  (fig. 3) is  
due t o  a conbination of the  previously  discussed  inaccuracies of masure- 
mnt. The characteristics have been corrected for tunnel-wall interfelc  
ence by the Ipethods of reference 6 .  The. dashed portions of the curves 
shown in the  figures at the higher Mach numbers serve t o  indicate  the 
region of possible  influence of wind-tunnel.choking effects on the  results. 

From figures 3, 4, and 5, no striking  differences In aerodynamic 
characteristics  are observed t o  result from the variation of either  the 
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trail" angle or the l ead iwdge   r ad ius .  The Mach  nurnber of 
lift divergence i s  sensibly the same for a l l  of the trailing-edge 
angles and leading-edge radii investigated. A t  the lower angles of 
attack  the Mach  number for  which the  section  drag  coefficient  abruptly 
increases, the dragdivergence Mach  nuniber I increases with increasing 
trailing-edge angle. Increasing the leading-dge radius is indicated 
t o  increase  slightly the dragdivergence Mach nuniber. The ra te  of 
increase of drag.coefficient w i t h  Mach nuniber above that for drag  
divergence does not appear t o  be  affected by changes in  either par- 
eter. No signifiqant  differences in the variation of section  pitching- 
mament coefficient  with Mach luzaiber are indicated  for  the  various 
trailing-edge angles end leding+Age radii. 

A t  an angle of attack of 8O,nearrly a l l  the  profiles  investigated 
exhibited an abrupt  decrease in the  section drag coefficient followed 
by a rapid  r ise in drag as the Mach n d e r  is *reased.from 0.63 t o  
0.75 ( f ig .  4). ~n abrupt  increase in the section l i f t  coefficient is 
seen t o  accompany t h i s  decrease- in  section  drag  coefficient  (fig. 3 ) .  
This phenomenon has been  observed in previous a i r f o i l   t e a t s  and is 
believed t o  be the  result of an abrupt transit ion from a type of flow 
associated  with low Reynolds nunfbers t o  that representative of moder- 
a te ly  large Reynolds nunibera. Schlieren phot-ogi%phs (fig.  6) of the 
flow about the IUACA 0010-1.10 40/1.051 airfoi l   sect ion at 80 angle 
of attack  tend  to support this  belief in indlcating that a marked change 
in the boundary"layer flow occurs between the Mach nunibers of 0.707 and 
0.731. Similar changes were noted for  the  other airfoil sections  (in 
this  general  region) at Mach numbers near these values. 

In figure 7, section lift coefficient as a function of section 
angle of attack is plotted a t  constant Mach rimer for  the various 
profiles. The only outstanding  difference i n  the characteristics of 
the profiles i s  in  the magnitude of the maximum section lift coeff i- 
cient at Mach nmbers above 0.7; the value of t h i s  parameter increases 
w i t h  progressive  decreases in both  the  tratlhg-edge and the leading- 
edge radius. This characteristic is more clearly Fndicated in figures 
8 and 9 ,  which i l lus t ra te  the variations w i t h  Mach nunher  of maximum 
section lift coeffictent and section  lift-curve  slope  for  the  several 
conibinationa of trailhg-dge angle and leadFng-edge radius. The 
greatest  gain in maximum section lift coefficient  with  decreasing 
trsiling-edge angle i s  observed for the  profile with the normal leading- 
edge radius (1.lO-percent c) . The most favorable maximum lift charac- 
ter is t ics   are   real ized for the mACA 0010-0.70 40/0.524 section, however. 

At the lower Mach nuniberg the maximum aection lift coefficients 
are probably  not  quantitatively  representative of full-scale charac- 
t e r i s t i c s  by virtue of the relatively low Reynolds nunibers of the prea- 
ent investigation. The results of the investigation of reference 7 
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have indicated, however, that, a t  Mach numbers  above approxiinatelg 0.6 , 
Reynolds nuther effects on maximum lift coefficient  are of small 
significance and Mach  number effects predominate.. It is therefore 
believed  that  the  present  conclusions drawn w i t h  respect t o  the  effects 
of trailing+dge-asgle and leading+dge-radius veriation on the maxi- 
m section lift coefficient at supercritical Mach rimers are  valid 
f o r  full-scale  conditions. 

With reference agafn t o  figures 8 and 9 ,  no bportant  difference 
in the  variation of section l#t+zurve slope w i t h  Mach nlIIPber is seen 
t o  result  from the  variation of either  the  trailing-edge angle or the 
leading-edge  radius. In  general,  the magnitude of the  section lift- 
curve slope is increased  appreciably a t  Mach riders below that 
corresponding t o  the lift break by decreases In either o r  both the 
trailing" tlngLe and the leadlng-edge radius. 

Section drag coefficient as a function of section lift coefficient 
a t  constant Mach  number is  shown in figure 10 for the  profiles  investi- 
gated. The minimum section drag coefficient at Mach riders above 0.7 
i s  adversely  affected by decreases in the  trailing"  angle. (See 
f ig .  11). From the da%a of figure 12, the leading-edge radius is  
observed t o  have a less pronounced effect,  the  largest  values of 
m i n i m u m  section drag coefficient  being  realized  for  the  smallest 
leading-edge  radius. The higher drag coefficients in each of these 
figures for  the IWCA 0010"0.27 40/0.524 section  at Mach nmibers below 
that f o r  drag  diverg8nce are believed t o  result from inaCCUr&CieS in 
the  determination of the instrument ta re  fo r  the t e s t  of this  profile,  
a factor which  becomes of increasingly  less  significance  with  increas- 
i n g  magnitude of the drag  coeff  fcient . The poorer  mfnimum drag char- 
acter is t ics  of the afrfoil  sections  with  the  smaller  trailing-edge 

0 angles are samswhat off  et by a  generally more favorable  variation of 
drag coefficient  with lift coefficient at Mach nunibers greater  than 
0.6. 

t 

Section pitching-nt coefficient i s  plotted in figure 13 as a 
function of section lift coefficient  at  constank Mach  nuniber. No 
outstanding  differences  are  observed t o  result  from the variation of 
either  the  trailing-edge angle or the leading-edge  radius. - 

The results of a wind-tunnel investigation of the  effects of 
systematic  variat€ons of trailing-edge and leading-edge radius 
on the  variation  with Mach nmiber of the aerodynamic characteristics 
of a lo-percenkhord-thick sgmmetrical airfoil section w i t h  maximum 
t h i c k e s s   a t  40 percent of the chord indicate  the following: - 
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1. The variation of section lift coefficient with Mach number 
at low and moderate angles of attack is l i t t l e  affected by trailing- 
edge-angle variation within the - limits of 180 and 6 O ,  and by leading- 
edge-;radius variation w i t h f n  the limits of 1.10 m d  0.27 percent of 
the alrfoll chord. 

2. The maximum section lift coefficient  at  Mach nunibem above 
0.7 increases w i t h  decreases in  either  the  trailing-edge angle or 
the leading-edge radius. In the present  fnvestfg&tion,the most favor- 
able  variation of maximum section l i f t  coefficient w i t h  Mach nunibel: 
was realized Kith a leadingedge r d f u s  of 0.7 percent of the chord 
a n d .  a trailing-edge angh of 6O. 

3.  The section  lift-curve slope is  a h o a t  uniformly increased 
at Mach numbers below that for  the lift break (approxfmately 0.8 
Mach nuniber) by decreases in either the trai l ing-dge angle or  the 
leading-dge  radius. 

4. At low section lift coefffcient6,the  dragdivergence Mach 
n W e r  is adversely  affected by reductions in the trailing-edge angle 
snd the hading-edge radius, the former hsvlng the predomimat effect. 
For the normal leading-edge radfus of the  sections  investigated, the 
dragdivergence Mach nmiber at zero lift w a s  approximately 0.05 
higher for the normal profile trail-dge angle of 17.90 than f o r  
the 6O angle. 

5.  The variation of section  drag  coefficient  -with  section lift 
coefficient is gener- m r e  favorable at Mach numbere  above 0.6 
for  the airfoil   sections w i t h  the amaller  trailing-edge angles. 

6 .  Section pitching-monment chmacteristics  are not significantly 
affected by variations of either the trailhg-0dge angle or  the lead-- 
edge radius within  the limits of the present  investigation. 
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c 

X 
(percent c) 

0 

2.5 
5.0 
7.5 
10 
15 I -  

20 
30 . 
40 
50 
60 
70 
80 
90 
95 
100 

1.25 

L .E. radius : 

Y 
(percent c) 

0 
1.5ll 
2.044 
2.722 
3 178 
3 0533 
4.056 
4.4n 
4. &6 
5 .OW 
4. e 6  
49433 
3 733 
2 767 
1 * 556 
856 . loo 

(V/VI2 

0 
1.108 
1,245 
1.286 
1.277 
1.269 
1.261 
1.248 
1.24-4 
1.242 
1.231 
1.2ll 
1 155 
1.089 

980 - 912 
0 

1.10-percent  chord 

0 
1.053 
1.116 
I. 134 
1.130 
1.127 
1.123 

1.116 
1.U5 
1.110 
1.101 
1.074 
1.043 
990 
955 

1 . ~ 7  

0 
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. 

x 
(percent c )  

0 
1.25 
2.5 
5.0 
7-5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
95 
100 

Y 
(percent c) 

0 
1.466 
1.966 
2 -589 
3 -009 
3 33'7 
3.845 
4.240 
4.791 
5 .om 
4.783 
4.197 
3 338 
2 305 
1 * 193 
.638 
.loo 

0 
1.170 
1.250 
1.246 
1.239 
1.228 
1.216 
1.228 
I. 254 
1.267 
1.245 
1.m 
1.1l.l 
1.037 
932 
.86l 

0 

L.E. radius: l.l&percent chord 

0 
1.082 
1.118 
1.116 
1.113 
1.108 
1.103 
1.108 
1.120 
1.126 
1.116 
1.06 
1.054 
1.018 

.928 
965 

0 



0 
1.25 
2.5 
5.0 
7.5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
95 
100 

i o  ' 
1.175 
1.268 
1.240 
1.225 
1.202 
1.188 
1.203 
1.274 
1.299 
1.268 
1.199 
1.067 
986 
919 
859 

' 

0 

I 
: o  
1.084 
1.~26 

1.107 
1.096 
1.090 
1.097 
1*==9 
1.140 
1. I26 
1.0% 
1.033 

-993  
959 

0927 

1.117 

0 

L.E. radius: 1.10-percent chord 

AvJV 

2 530 
1.294 
*957 
677 
.541 
.460 
.366 
.310 
.244 
195 
-150 . I22 
092 
.067 
,040 
.028 

0 
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X 
(percent c) 

0 
1.25 
2.5' 
5 =o 
7.5 

10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
95 
100 

Y 
(percent c) 

0 
1- 279 
1.7s 
2.460 
2 9 949 
3 - 338 
3 0926 
4.347 
4.848 
5 .OW 
4.856 
4.433 
3 9 733 
2 767 
1.536 
8% 
.loo 

(v/V)' I v/Q 

0 
1.038 
1.152 
1.210 
1.226 
1-23? 
1.244 
1.254 
1.257 
1.246 
1.230 

1.107 

1. ~ 1 6  
1.120 
1.121 

1.109 

-993 -997 
-888 943 

0 0 

LE. radius: 0.70~percent chord 

Av&T 

2 763 
1.270 

.942 

.674 
547 

.469 
374 
315 
.240 
.1g1 
.154 
.E4 
=097 
.071 
.045 
.030 

0 
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X 
(percent   c)  

0 
1.25 
2 *5 
5 *O 
7.5 
10 
15 
20 
30 
40 
50 
60 
70 
€33 
90 
95 
100 

7 
(percent c )  

1 

0 
1.095 
1.166 
1.187 
1.198 
1.202 
1.222 
1.237 
1.263 
1.281 
1 253 
1.196 
1.118 
1 037 
955 
.861 

0 

0 
1.042 
1.080 
1.090 
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(d Leading-edge  rodius of 1.10 percent chord 

Figure 1.- Alrfoil  profiles and theoretical pressure distributions. 
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Figure 1.- Goncfuded. 
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Mach number, M 

figure &-Variation of Reynolds number with Mach number for 6-inch-chord 
airfofls in the Amss /-by 3jJooj  high-speed  wind tunnel. 
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.3 .4 .5 .6 .7 .8 .9 
Moch numlrer, M 

(6) NACA OOfO-1.fO 40/1.051 air foif section. 
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(e) NACA 00/0-1.10 40/0.524 airfoil section. 

Figure 3.- Continued. 
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@!) NACA OOiO-0.70 40A.575 @irfoi/ section. 

figure 3.- Continued. 
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fe) NACA 00/0-0.70 40//.051 airfoil section. 

ffgure 3.- Confinued 
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(f) NACA 0010-0.10 40/0.524 uirfoil section. 

Figure 3.- Continued 



(g) NACA 00/0-0.27 404.515 aidoi/ section. 

Figure 3.- Continued. 
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( i j  NACA OOIO-0.27 4W0.524 oirfoi/ section. 

figure 3.- Conc/uded. 
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8 

(0) NACA OO/U-/./O 40//..575 o;rfoi/ section. 
Figure 4.- Voriotion o f  section drog coefficlent with Moch number 

ut constont section ungles o f  u f tack. 
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. 

(b) NACA 0010- 1.10 40//.05/ OirfOi/ Section. 
Figure 4.- Continued. 
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(0) NACA OO/O-0.10 4011.575 airfoil section. 
Figure 4. - Continued 
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(e) NACA OO/O-0.10 40//.05/ oirfoi/ section. 
Figure 4.- Continued. 



.3 4 .5 .6 .7 .8 .9 LO 
Much number, M 

(f) NACA OOfO-0.10 4W0.524 uirfuii section. 
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.3 .4 .5 .6 .I .8 .9 
Much num&er, M 

(Q) NACA 0010- 0.27 40//.575 airfoi l  section. 
Figure 4.- Continued 
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.5 .6 .7 .8 .9 
Much rwmber, M 

(h) NACA 0010-0.27 40//.051 u/rfotV section. 
Flgure 4.- Continued. 
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(i) ffACA OO/O -0.27 40/0.524 oirfor7 section. 
Figure 4- Concluded. 
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.6 e 
Q .I 
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0. / 

Y 2  .2 .3 R .5 .6 .I .8 .9 1.0 

' (4) ~eoding-edge rudius o f  L IO percent chord. 

Figure 5- Vuriation o f  section pifching-moment coefficienf  with 
Mach number u t  constant  section angles of  otfack. 
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-.f 

-2 
.2 .3 .4 .5 .6 .I .8 .9 

Much number, M 

(c) Leading-edge  radius o f  0.27 percent chord 
Figure 5.- Conc/uded. 
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(a) 0.707 Mach nuiber. TpzJ7 
A- 14206 

- Figure 6.- Schlieren photagraphs of  the XACA 0010-1.10 h/1.~1 
a i r f o i l  section at 8* of attack. 
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1 1 

Mach number for ad = 0"axis 
-4 0 4 8 I2 

Section angle of oftack, a@, deg (for M 0.30) 
(a) NACA OOlO-l.lO 40/.575 airfoil section. 
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(61 NACA 0010-LIO 40A.051 airfoil section. 

Figure Z- Confinued. 
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1 I I 

Mach wmbw for u0* Oo axis 
-4 0 4 8 I2 

Section angle of attack, cyo, dog (for M=.30) 

(c) NACA 0010-410 40/0.524 airfoil section, 

Figure Z- Continued 
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-4 0 4 8 12 
Much number for ae = 0' axis 

Seciion  angle of otfock, ae, deg (for M = .30) 

(d/ MACA 0010-0.70 40/1.575 airfoil section. 

Figure Z- Continued. 

. .  . . . . . . . . .. . . .  I . .. . .. I '  

I 



. . . , . . . .. . 

I 

. . . . . . . . . . . . . . . . . . " 

A 

. . , . . . . . . .. . . - . . 

4 

. . .  

(8) NACA OOIO-0.70 40A0.51 oirfoif section. 
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-4 0 4 8 12 
Mach number for a,= 0' axis 

Section angle of attuck, a,, deg (for M= -30) 

(1) ffACA 0010-0.27  40/0.524 airfoil section 

Figure il- Concluded 
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(a) Leuding-edge rodius of  1.10 percent chord. 

Figure  B.-Effect  of trailing-edge angle wuriufion on the 
variution  of section lift-curve slope  and muximum 
section /iff coefficlent with Mach number. 

" 
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. 
(b) Leuding-edge rodius of  0.70 percent chord. 

Figure 8.- Continued. 



(e) Leuding - edge rodius of 0.27 percent chord. 

Figure 8.- Concluded. 
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(0) Truiling- edge  ungle o f  I ~ 9 :  

Figure 9.- Ef fect  o f  /eading-edqe rudius voriat ion on the 
vuriaflon of section  / ift-curve  dope und moximum 
section lift coefficient  with Much n m b m  
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NACA OO/O - LIO' 4WL05/ 
NACA 0010 -0.10 40/405/ 
NACA OO/O - 0.27 40/ii05/ 
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.P .3 .4 .5 .6 .I .8 .9 
Much number, M 

(b) Trailing -edge ungle o f  12.0 4 

figure 9.- Continued 
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.04 

.3 .4 .I .8 .9 

. (e) Tmiling- edge ong/e of 6-07 

Figure 9,- Conduded. 
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v. . .  

(01 NACA 0010- /./O 40//.575 airfoN section. 
Figure 10.- Varhfion of section drag coefficient with 

section lift coefficient ot various Mach nuders. 
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Secfiun //ft coefficient, c, 

(b) NACA OO/O-/.IO 40//.05/ oirfoil secfion. . “237 
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br 

% .04 

(r 
Figure 

Sectton /fft coefflclent, c, 

NACA 0010 -1./O 40/0.524 akfoi/ section. 
3.- Continued. 
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{d) NACA 0010-0.70 - 40//.575 airfoil section, 

Figure 10.- Continued. 
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HACA RM Awl8 

Section lift coefficient, c/ 

(e) NACA 0010- 0.70 40/1.05/ airfoil section. 
Figure l0.- Continued. 
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Fig 
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Secfiun /iff cosff/c/snf, 5 
NACA OOIO - 0.27 40//.575 oirfoif section. 
10.- Continued. 
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,/2 

(i) NACA 0010 -0.27 4010.524 airfoil section. 
Figure 10.- Concluded. 
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(u) Leudhg-edge rdhs of I./Opercenf chord. 

""_ 

Mmh number, M 
tb) Leading-edge  radius of 0.7Opercenf diord. 

""_ 

Mach number, M 
(c) Leoding-edge  radius of 0.27percenf chord - 

Figure 11.- Effect o f  troi/ing-edge angle vuriotion on the 
vuriofion of minimum section drug coefficient  with 
M ~ c h  number, 



Figure /Z.-€ffect o f  leading-edge rodius voriut/on on the 
voriotion o f  minimum secflon drag coefficient with 
Moch number. 
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Secfion /iff  cosff/cient, c, 

(0;) NACA 0010 -/.IO 40//.575 airfoil section. 

13.- Variation of section piichhg-moment  coefficient 
section lift coefffcienf of various  Mach numbers. 
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Section lift coefficimf, c/ 

(&) NACA OO/O - /./O 40//.05/ airfoil section. 

Figure /3.- Continued. 
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Section /ift coefficienf, c, 

(c) NACA OO/O -/./O 40/0.524 oirfoi/ section. 

Figure / 3.- Continued. 



.2 

0 

"./ 
*. 2 

(dJ NACA 00/0-0.70 4CW.575 ahfoil section. 

Flgur e / 3.- Gon f itwed. 
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L2 
Secfioa /iff coeffictent, c, 

(el NACA OO/O-0.10 40//05/ airfoil section. 
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Section /ift coeffidenf, c, 

(f) NACA OO/O-0.10 40/0.524 oirfoil section, 

Figure / 3.- Conthued. 
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Section /iff coefficien f, e, 

(g) NACA 0010-0.27 40/1.575 oirfoif section. 

/ 3.- COn#inU8d. 
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Sect/on /iff coefficient, c, 

(i) NACA OO/O - 0.27 40/0.524 airfoil section. 

Figure 1 3.- Concluded. 
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